INTRODUCTION
While complete absence of the pericardium is a very rare abnormality, which is sometimes found during a post-mortem examination, we believe that partial deficiency resulting in a pleuropericardial communication is probably not quite as uncommon as the meagre literature on the subject would indicate.
Powell in 1869 first recorded a case of partial deficiency of the pericardium. In 1925 Moore found only sixty-four authentic cases of pericardial defect in the medical literature. Sixteen more examples have been noted by Grant (1926) , Nicoli (1929) , Watt (1931) , Beck (1931) , Egbert and Little (1935) , and others. Diagnosis of this condition has been made during life on only three occasions. Ladd (1936) , while operating for a diaphragmatic hernia in a two-year-old girl, found that her heart was devoid of its pericardium. Rusby and Sellors (1945) noticed a pneumopericardium when air was introduced in the left pleural sac as a preliminary to a thoracic operation, but "the full significance of this observation was not appreciated at the time," and the condition was elucidated on the operating table. Dahl (1937) , while treating a case of pulmonary tuberculosis in a man aged 20, induced a left pneumothorax and on radiological examination found air in the pericardium as well as in the left pleural sac. He therefore concluded that there must have been a communication between the two cavities. This detection of a pneumopericardium during the course of artificial pneumothorax therapy is important, otherwise the possible existence of a pericardial defect remains unsuspected clinically. We report here two such cases. A third case, in which a pneumopericardium was simulated, is also described for purposes of discussion and differential diagnosis. K CASE REPORTS Case L.-A man aged 48 was notified as a case of pulmonary tuberculosis in 1923, and received treatment in various sanatoria, the details of which are not available. In 1938 he had a slight haemoptysis. From May, 1940 , to August, 1940 , he was in an internment camp in Germany but spent most of the time in the camp hospital. Then he returned to England and carried on with his business till July 9, 1943, when he again began coughing up blood and was admitted to hospital under our care. The family history was not significant. On physical examination his nutritional state was found to be fairly good. His conjunctivae were pale, and he was somewhat breathless even on slight exertion. The physical signs were confined to the upper zones of both lungs, and radiography revealed extensive infiltration of the left upper zone, old scars in upper and lower lobes of the right lung, and some infiltration at the right apex. Repeated examination of the sputum for tubercle bacilli was negative. His hae.noptysis soon ceased and in about three weeks his general condition improved; he remained afebrile and insisted on being discharged as he wished to get married.
Until June, 1947, he apparently remained well. On June 16 he was readmitted as an emergency because of a severe haemoptysis. He also complained that during the.previous five days he had had two or three attacks of intense mid-sternal pain, described as a " tightness " radiating towards the left axilla and then down his left arm to the elbow, but later down to the finger-tips. At first the pain was brought on by physical exertion, but later it came on even when the patient was lying still. Initially it lasted one or two minutes, and he had a peculiar feeling that he was about to die. Later it lasted as long as 20 minutes.
Examination.-The patient was pale and anxious, with a temperature of 100°F. There was no clubbing of the fingers and the apex beat was in the normal situation. The heart sounds were distant, the rhythm was regular, the rate was 88 per minute, and there PHILIP ELLMAN AND K. K. HUSSAIN were no significant murmurs. Blood pressure was 155/110 mm. Hg.
Movements of the chest were poor (maximum expansion 3 in.), but equal; vocal fremitus was increased on the left side anteriorly, and the percussion note was impaired over both apices. Breath sounds were very feeble at the right apex, and expiration was prolonged over the upper and middle zones on the left side, where there were numerous coarse rales.
Radiology.-An antero-posterior radiograph of the chest (Plate la) showed tuberculous infiltration of the upper and middle zones of the left lung and some scattered infiltration and fibrosis in the right lung.
The erythrocyte sedimentation rate was 9 mm. in the first hour (Westergren), and repeated examinations of the sputum were negative. Lowenstein culture remained sterile after six weeks. Blood Wassermann reaction was negative. Electrocardiograms were taken during an attack of pain and also a day later, and were' thought to be indicative of coronary ischaemia.
A blood-count showed that the red cells had fallen to 2,720,000 per c.mm. of blood, and haemoglobin was 52 per cent, giving a colour index of 0.96.
As the disease was mainly unilateral a left artificial pneumothorax was induced on June 20, 1947, in order to try to control the-haemoptysis. When with subsequent refills 1,000 c.cm. had been introduced, another radiograph was taken. The pneumothorax was conined to the left base but to our astonishment air was also detected in the pericardium (Plate Ib and c). However, in a few days the bleeding stopped andthere were no further attacks of anginal pain. The pneumothorax was discontinued after the discovery of the pneumopericardium. Nevertheless the patient's general condition began to improve and he became afebrile. On July 24 another radiograph showed that the air at the left base and also that from the pericardium had been absorbed (Plate Ila).
At this stage it was decided to re-induce the artificial pneumothorax to observe the effect on the pericardium. Under radiological control, a needle was inserted in the same interspace as before, namely the sixth left intercostal space in the mid-axillary line (Plate Ilb), and once again a left-sided pneumothorax was induced. Air was again seen in the pericardium (Plate Ilc and d After full investigation a diagnosis of pulmonary tuberculosis was made, although at that time repeated examinations failed to reveal acid-fast bacilli in the sputum. There was nothing noteworthy in the family history. Clinical and radiological examination showed that the disease was confined to the left midzone. On Sept. 2, 1940, a left artificial pneumothorax was induced. Subsequently weekly refills maintained a selective pneumothorax for four years (Plate IIa and b). In July, 1944, she had a recurrence of haemoptysis. A further radiograph revealed that the tuberculous process had extended to the right side. The sputum had become positive. The left artificial -pneumothorax was then abandoned and a right pneumothorax was induced. As soon as this was done the outline of the border of the cardiac shadow in the antero-posterior view began to change and a pneumopericardium became more evident after a sufficienrquantity of air had been introduced into the right pleural cavity (Plate IlIc and d). This pneumopericardium remained evident in subsequent radiographs so long as the right pneumothorax was maintained. During the early part of 1947 the right artificial pneumothorax was allowed to obliterate. Plate IVa shows the state of affairs on March 6, 1947, there being no trace of air either in the pleural cavities or inside the pericardium. DISCUSSION ANATOMY.-The pericardium is like a conical money bag, the mouth of which embraces the roots of the great vessels. It is a fibroserous sac situated -behind the sternum and the cartilages of the third, fourth, fifth, sixth, and seventh ribs on the left side. Anteriorly only a small portion of the pericardium comes into direct relationship with the left half of the lower portion of the body of the sternum and the medial ends of the fourth and fifth left costal cartilages. The greater part of the pericardium is separated from the anterior thoracic wall by the lungs and pleurae, and in a child, the lower extremity of the thymus. Posteriorly it rests upon the bronchi, the oesophagus, the descending thoracic aorta, and the posterior portions of mediastinal surfaces of the lungs. Laterally it is at first intimately in contact with the pleurae and then comes into relationship with the mediastinal surfaces of the lungs. The phrenic nerve and vessels pass between the pericardium and the pleura on either side. Inferiorly, it rests on, and is partly fused with, the central tendon and muscle fibres of the left side of the diaphragm. The pericardium is composed chiefly of tough fibrous tissue lined with a serous membrane consisting of flattened cells, the latter being invaginated by the heart. Consequently the serous pericardium is divisible into a visceral and parietal portion. The visceral portion covers the heart and the great vessels, subsequently becoming continuous caudal end of this tube the right and left lung buds arise. At this stage the pericardium is comparatively a very large cavity, which is in communication with the peritoneum, and, as the lung buds expand they come into contact with the pleural canals, which ultimately become the pleurae (Fig 2) . The opening in the pericardium leading into the pleural canal is the iter venosum of Lockwood, the final closure of which will separate the pleural and pericardial cavities when the embryo is about six weeks old. This closure is said to occur owing to pressure on the stretching duct of Cuvier and by the pleural canal being pushed by the gr6wing lung tissue (Fig. 2) with the parietal layer. Thus the transverse sinus and the oblique sinus are formed (Fig. 1) . EMBRYOLOGY.-The pericardium is developed from the mesodermal thickening at the cephalic end of the oval plate when the embryo is 1.25 mm. This thickening rapidly canalizes to form the intraembryonic coelom. A little later the posterior end of this cavity opens into th'e extra-embryonic coelom and a portion of its anterior end is destined to become the future peritoneum.
When the simple tubular heart of early embryonic life bends on itself to form an S-shaped loop, constrictions appear in it which divide it into the sinus venosus, the primitive auricle and ventricle, bulbus cordis, and truncus arteriosus. It will be recalled that the duct of Cuvier on each side is formed by the union of the anterior and posterior cardinal veins, which drain into the sinus venosus in addition to the more medially situated vitelline and umbilical veins (Fig. 2) It is tentatively suggested that intermittent herniation of the myocardium through the pericardial defect producing local ischaemia might explain this symptom. In this connexion Boxall's case (1887) may be cited of a 28-year old woman who died three days after delivery, and the heart was found to have herniated through a partial deficiency of the pericardium.
The pneumopericardium in the second case made its appearance only when an artificial pneumothorax was induced on the right side. This meant that a pleuropericardial communication existed on the right side alone-a most unusual state of affairs, as we have already noted. Furthermore, the air in the pericardium appeared at the left border of the heart in practically the same situation as in Case 1. This requires an explanation. In Fig. 1 the arrow indicates the approximate position of a congenital pericardial defect when it occurs on the right side. In the cadaver if one injects air at this point, which is just posterior to the right phrenic nerve, the air first travels over the anterior surface of the heart and then to the left. This is readily understandable for it is due to the reflections of the serous pericardium. In the living subject the relationship of the sternum and the costal cartilages to the pericardium, prevents the latter from expanding anteriorly. Thus the air passes to the left of the heart. In a silhouette of the heart the pericardium will be seen bulging between the points A and B as shown by the interrupted line in Fig. 1 . It will be noticed that this is the only portion of the pericardium which can be pushed out by a relatively small pressure such as one uses in collapse therapy. A very much greater pressure is required to cause the pericardium-to assume a globular shape, as might be seen in cases of artificial pneumopericardium, the appearances of and indication for which have already been described by one of us (Ellman, 1945) in connexion with tuberculosis pericarditis.
The existence of a congenital pleuropericardial communication can be inferred clinically only from radiological appearances of pneumopericardium in the presence of a pneumothorax. As we have seen, the air soon absorbs if refills are discontinued and a pneumopericardium no longer remains visible. However, it is sometimes extremely difficult to appreciate the significance of certain linear shadows seen at the left border of On Oct. 2, 1947, the patient's sputum was found to be positive6and his general condition began to deteriorate. Right thoracoscopy was done by Mr. Cleland with injection of iodised oil into the " hernia." The following is a description of the thoracoscopic findings: " The neck of the opening appeared to be about 2 in. (5 cm.) in the sagittal plane by I to 1 in. (1.2 to 2.5 cm.) in the antero-posterior depth. The anterior border was formed by the sternum and costal cartilages, on which surface one could see the internal mammary vessels. The posterior border was formed by the superior vena cava, and, more to the left, the ascending aorta could be seen. In the superior border one could see the left innominate vein and its continuation into the superior vena cava. The lower border was formed by a membranous fold."
A Monaldi catheter was inserted into the mouth of the cavity, 15 ml. of iodised oil injected, and radiographs taken in various positions (Plate Va and b). Unfortunately during radiography the catheter slipped, and therefore there is no radiological indication of the position of the opening.
From a study of our own two cases and on anatomical and pathological grounds we suggest that this is a case of an acquired interpleural communication rather than one of pericardial defect, for the position of the opening as observed by thoracoscopy is far removed from the situation where one would expect a congenital partial defect of the pericardium to occur (Fig. 1) An explanation is offered to correlate this defect and the cardiac symptoms in one of the cases.
An experiment on the cadaver is described to show how air injected on the right side of the pericardium can be detected in a radiograph at the left border of the heart shadow.
The relevant anatomy and embryology of the pericardium is brought to mind and the various theories that have been put forward to account for the persistence of a pleuropericardial communication are recounted.
A discussion of a third case is included to illustrate difficulties in the interpretation of shadows WALLACE FOX. 
